Summary. Individual blood glucose (BG) measurements at selected time points were compared with continuously recorded BG data as criteria of the adequacy of diabetes regulation. Indices reflecting the adequacy of diabetes regulation have previously been developed from continuously monitored BG measurements during studies under standardized near-normal living conditions. These indices are: (1) mean amplitude of glycemie excursions (M2~GE), (2) diurnal mean blood glucose (MBG), (3) mean of daily differences of paired BG values (MODD). Because of the intensive studies necessary to obtain these indices, approximations based on individual BG measurements which might easily be obtained in practice were sought. The BG value 80 rain after breakfast correlated best with the MAGE. The average of the fasting BG value and the value at 80 rain after breakfast correlated well with the MBG. These individual BG measurements distinguished the groups of subjects. The difference between fasting BG values on successive days (AFBG) correlated well with the ]~{ODD. However, unlike MODD itself, AFBG did not distinguish the groups of subjects. Some other selected BG values with different timing were nearly equally highly correlated with these three criteria of BG behavior. Thus, relatively few but critically timed BG measurements on successive days, with suitable urinary glucose measurements, during standardized therapeutic programs may serve as an index of the efficacy of the therapy. By these same means, the characteristics of the patient's diabetes might also be assessed.
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This report initiates a search for practical applications of the knoMedge acquired by continuous blood glucose (BG) monitoring [1- -3] . In this article we compare individual measurements of BG with continuously recorded BG data as criteria of the adequacy of diabetes regulation. The individual measurements were selected at time points found to be most useful for gauging the BG variations. In a previous report [4] we analyzed the relationships between amounts of urinary glucose and corresponding BG values determined by a continuous monitoring procedure. Blood and urinary glucose determinations are the most widely used laboratory measures of the adequacy of diabetes regulation [5--10] despite the recognition that disturbances of metabolism of carbohydrates other than glucose, and of protein and fat as well, are part of the biochemical derangements in diabetes mellitus. Glucose measurements are more generally available as well as more readily interpretable than other measurements.
To identify and quantify several aspects of a patient's BG regulatory stability, we have previously analyzed the results of our continuous BG monitorkngs [1] in terms of (1) the extent of within-day BG fluctuations (the mean amplitude of BG excursions: MAGE) [2] , (2) between-day BG variability (the mean of daily differences in matched BG values : MODD) [3] , and (3) overall glycemia (the mean BG level: MBG). These * This investigation was supported in part by Re- 
Rdsumd of Recent Work Leading to This Paper
Clinical data concerning the subjects in this investigation and descriptions of the experimental design, biochemical methods, and data-processing procedures have been published [1, 11, 12] . The most relevant aspects of the methods and findings will be briefly summarized below.
In these studies the emphasis was on investigation of unstable diabetics who were compared with stable diabetics and normal subjects during standardized near-normal living conditions. Two programs of individually optimized therapy with insulin were used, while diet and exercise regimens remained unchanged. One program was once-or twice-daffy injection of intermediate-acting insulin, with or without shortacting insulin from the same syringe. The other program was four-times-daily injection of short-acting insulin. The time schedule of insulin injections, meals, exercise, and sleep was consistent and precisely adhered to throughout the studies. The diet of all subjects provided four major meals of equal caloric composition and carbohydrate, protein, and fat contents. The exercise was a standardized walk three times daily during the third postprandial hour.
Each investigation culminated in a 6-day metabolic balance study after the insulin, diet, and exercise regimens had been individually standardized and optimized. For 48 h during this 6-day period, continuous BG monitoring was performed. Fig. 1 shows the contrasting BG patterns of an unstable diabetic, a stable diabetic, and a normal subject. The gross qualitative differences between the diabetics and the normal as well as between the unstable and the stable diabetic are apparent. The diabetics lack the base-line stability and the rhythmicity de- The unstable diabetic has the highest, the normal has the lowest, and the stable diabetic has intermediate values for the M_AGE (the measure of the extent of BG excursions), the I~ODD (the measure of day-to-day BG variation), and the MBG (the measure of mean BG). Fig. 1 also illustrates the experimental conditions. The daily events in the morning (between breakfast and lunch) and in the evening (between dinner and supper) were similar and, accordingly, the majority of analyses presented below are based on BG results during these times.
Conventionally utilized BG values --fasting and 1, 2, and 3 h after meals (breakfast and dinner) --are shown in Fig. 2 as means for groups of unstable diabetics, stable diabetics, and normals. The values were selected from the continuous BG records. There are differences between after-breakfast and after-dinner BG levels and patterns, especially among diabetics, as well as differences in BG levels and patterns between diabetics and normals. Fig. 2 
Methods
Out of the large number of BG measurements available from the continuous monitoring data, we first chose to study those which were customary or had been used in other studies (fasting; 1, 2, and 3 h after breakfast; 1, 2, and 3 h after dinner). Also, we obtMned from the continuous data the average times of occurrence of various daily maxima and minima and used BG measured at those times. This led us to add BG measured at 80 and 280 min after breakfast and after dinner (as the respective appropriate times of daily maxima and minima in diabetics). 1
From this set of measurements we looked for the most promising ones to be used in place of (or as clues to the phenomena characterized by) MAGE, MBG, and MODD. In this work we chose the simple product moment coefficient of correlation as an index of association. It is easy to use and serves as a reasonable device for deciding whether one measurement was "closer" to a criterion than another. We also examined these individual measurements for their usefulness in distinguishing among the groups --normals, stable diabetics, and unstable diabetics.
Results
Portions of the above correlation studies gave the results summarized in Table 1. M_AGE was most closely associated with BG at 80 min after breakfast (r-----0.88). Also, high association was found between MAGE and the difference, BG value at 80 minus BG value at 280 rain after breakfast, and the fasting BG. ~ MBG was highly associated with most of the BG values at the selected time points. We chose ]3G, the mean of fasting BG and BG at 80 min after breakfast, for which r=0.89, recognizing that several others were nearly as highly correlated.
MODD was studied in conjunction with ABG, the day-to-day differences in the various BG values. The best correlation appeared to be with the fasting BG day-to-day differences (r ----0.89). We call this AFBG.
The foregoing results are based on analysis of the data from stable and unstable diabetics treated with intermediate-acting insulin. The use of data from m~-stable diabetics treated with short-acting insulin gave 1 In diabetics, the majority of the daily maxima occurred in the morning. In normals, the daily maxima were evenly distributed during the morning, evening, and night. In all subjects, a higher proportion of daily BG minima occurred during the morning than during any other segment of the day or night.
The timing of postcibal ]3G maxima and minima after the start of the preceding meal was different between diabetics and normals. The mean elapsed time to BG maxima after the major daytime meals was 80 rain (range, 77 to 91 rain) in diabetics and 40 rain (range, 34 to 44 rain) in normals. The mean elapsed time to BG minima was 280 rain (range, 188 to 319 rain) in diabetics and 120 rnin (range, 104 to 144 rain) in normals.
2 With both programs of treatment in unstable diabetics, IVIAGE was closely associated with ]3G at 80 rain after breakfast and with the difference of the BG values at 80 and 280 rain after breakfast. However, with shortacting insulin treatment in unstable diabetics, MAGE was less closely associated With the fasting BG (r -~ 0.40). similar results. MAGE was most closely associated with the BG at 80 min after breakfast (r----0.75). For MBG with FBG, r -----0.83 ; for MODD with AFBG, r = 0.83.
Thus, by measuring the fasting BG value and the value at 80 min after breakfast, we found highly positively correlated measurements with the continuous-monitoring indices. b MAGE = mean amplitude of glycemic excursions, a within-day BG variability index [2] . c iVIBG = mean (diurnal) BG, an index of overall glycemia [2] .
d 1VIODD = mean of daily differences (of paired BG values on successive days), an index of between-day BG variability [3] .
e Value at 80 rain minus value at 280 rain. For mean of fasting BG and value 80 rain after breakfast, 0.89.
To evaluate the potential usefulness of selecting the BG values at the chosen times, we used graphic examination and regression analysis of the relationships of the selected individual BG measurements with the indices from continuous BG measurements. Fig. 3 indicates an impressive association between the BG at 80 rain after breakfast and MAGE. The spreading out of the three groups of patients is no less impressive for the individual BG measurement than for M_AGE. There is no overlap. The use of the regression line shown in Fig. 3 as an estimate of MAGE is good. The standard error about the regression line is 24.6 rag/100 ml and the relative error (relative to the mean MAGE) is
21.3%.
Similarly BG provides an adequate estimate of MBG (Fig. 4) . The standard error is 23.5 rag/100 ml and the relative error is 16.5~ . The spread of the three groups of patients indicates no overlap.
For MODD the situation is less satisfactory (Fig. 5) During treatment of diabetics, BG measurements may serve as an index of the efficacy of a particular therapeutic regimen. The most efficacious therapeutic regimen would result in minimal within-day and between-day BG variability at a near-normal mean diurnal glycemia. It would also minimize both hyperglycemic and hypoglyeemie extremes.
Our results on estimating major indices of the efficacy of a therapeutic regimen fit somewhere between the routine measurements of diabetes regulation and experimental continuous BG monitoring. We believe that our results provide a beginning with which scientifically oriented clinicians can approach the estimation of BG variability in their patients. Hitherto, only during formal investigational conditions have such estimates been obtained [2, 3, 13--19] . Now this might be accomplished under conditions feasible in the setting of at least some outpatient clinics and many hospitals and at what would be to most patients an acceptable cost ill the number of daily blood samplings. Of course, this approach needs critical evaluation in larger groups of patients studied over longer periods. Such further studies will, however, of necessity, be less intensive than our studies. It is likely that, with therapeutic regimens similar to our experimental conditions, our findings may be applicable to a larger sample of all diabetics. This is suggested by our preliminary clinical experience to date with the same and additional subjects. It is possible that, even on different albeit standardized regimens, some application of our findings may be feasible. The daily maximal BG and the daily BG range are logical correlates of MAGE. Others have also found that, in diabetics on a variety of therapeutic regimens, the maximal BG level occurs most frequently after breakfast [13, 18, 20, 21] .
The essential conditions for obtaining interpretable data are that as many as possible of the variables affecting diabetic patients (such as diet, insulin, and exercise) be standardized and that the measurements be made repeatedly on successive days with identical timing. Should unavoidable alterations of timing of therapeutic variables occur, it is probably best to alter the timing of BG measurements correspondingly. For instance, if a meal is delayed by 10 min, it is best to delay the postprandial BG measurements by the same interval, a The actual time interval between the meal and the BG measurement (for example, 60 or 80 min 3 We have timed postprandial BG measurements from the start of meals for consistency and because the timing from the start of meals is easier to standardize. after breakfast) is probably less important than the day-to-day consistency of diet, insulin, and exercise.
The practice of obtaining BG measurements when the lowest concentrations are expected --namely, before meals and when clinical indications suggest excessive insulin action --should also be borne in mind. BG values before lunch, before dinner, and at other times when peak insulin action is suspected may provide useful information concerning possible hypoglycemia. Furthermore, with suitable quantitative urinary glucose measurements, additional useful although less direct information about BG variability and mean glycemia [4] may be obtained.
It is encouraging to note that a few well-timed BG values appear to provide useful clues (although with much loss of precision and detail) to the quantitative character of BG behavior. The loss of precision and detail was to be expected [19] . The disappointing lack of satisfactory clues to between-day BG variability obtainable from day-to-day changes in discrete BG measurements further emphasizes the wealth of ieformarion provided by continuous BG monitoring [1--3, 19, 20 ]. Yet it is with reference to between-day variability that continuous BG monitoring has its principal drawback: it is limited, for various reasons, to 48 to 72 h [1, 12, 19] . ]~eeause of the importance of betweenday BG variability [13, 14, 18] , better means of assessing this aspect of BG variability need to be iound.
There is clearly a need for systematic assessment of the adequacy of diabetes regulation. The lack of satisfactory BG criteria applicable to the assessment of diabetes regulation under long-term, real-life conditions has hampered objective appraisal of the results of therapy. This in turn has made correlation between adequacy of diabetic regulation and other phenomena, including the incidence and progression of diabetic complications, virtually impossible [22] .
